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(54)Tlfle: DAMPED GLASS AND PLASTIC LAMINATES 




(57) Abstract 

The present invention provides a damped glass and/or plastic laminate which damps both, sounds and vibrations which is particularly 
useful for vehicle windows, such a^ automobile windows, aircraft windows, wateiciaft windows, etc; office building windows; aiipoit 
windows; etc. The laminate (2) comprises outer rigid layers (4) such as glass or plastic and at least one inner lay» (8) of vibration dampmg 
material (6) and a flexible plastic material such as polyvinyl butyial. 
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DAMPED GLASS AND PLASTIC LAMINATES 

5 FIELD OF THE INVENTION 

The present inventtoh provides a danqied glass and/or plastic laminate which 
damps both sounds and vibrations which is particularly useful for vehicle windows 
such as automobile windows, train windows^ aircraft windows, watercraft windows, 
etc.; office building windows; airport windows; etc. 

10 

BACKGROUND OF THE INVENTION 

Rebfdd et. al, U.S. Patent No. 5,368,917, asdgned to Saint Gobain Vitrage 
IntOTationai, discloses an acoustic glazing for a vehicle, especially a motor vehicle. 
These articles serve to damp noises of aerodynamic origin (Col. 1, lines 49-51) at 

15 frequencies of more than 800 Hz. The '917 patent describes ivindshidds having 
two glass sheets separated by a plastic sheet or air space interiayer. 

Additional glass laminate constructions usefiil for noise insulation are 
disclosed in JP07081982, JP06191905, and }P0616655L Other laminates are 
disclosed m U.S. Patent Nos. 4,427,734 and 5,154,953 and JP 06206739 and JP 

20 05310450. 

Conventional safety glass is discussed in the MCGRAW-Fin J, 
ENCYCLOPEDIA OF SCIENCE AND TECHNOLOGY. Vol. 16, pages 3 to 4 
(1986). It is defined as a unitary structure formed of two or more sheets of glass 
b^ween each of which is interposed a sheet of plastic^ usually polyvinyl butyral. 

25 According to the reference it is typically produced by first ass^nbling two dean and 
dry sheets of plate glass and a sheet of plastic under slight pressure to produce a 
void-fi-ee bond. The laminate is then pressed at 75-225 psi (0.5 to 1.5 m^apascals) 
under heat at 239-302T (1 15 to ISO^'C) long enough to unite. The reference 
indicates that for installation in sur&ce vehicles the finished laminated glass is 

30 approximately 1/4 mch thick (6 mm) thick. For use in aircraft the finished glass 

lammate is tlucker. The plastic interiayer has the ability to yield rather than rupture 

-1- 
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under impact. Due to this property and the adherence of the glass to the plastic, the 
lammated glass presents less hazard fiom flying or scattered glass chips in event of 
damoge than would an equal thickness of glass. Accordiiig to the reference^ 
however, the nomigid phutie %er lowers the moduhis of rupture of the lammate to 

approxhnateTy 60 percent ofthatofmonolithic glass at room temperature. The 
thermoplastic interiayer also makes other properties of safety glass appreciably 

temperature dependent. Optionally, safety glass has substantiaOy the properties of 
the glass sheets ofwhich it is made. However, accordu^ to the reference, above 
about 160<T (70OC) the oiganic plastic may deteriorate. Most safety gbss is used 
in automotive vehicles where the plastic interiayer is 0.030 inch (0.75 mm) thick. 
Accordihg to the reference it is also used in ships, locomotives, raikoad cars, 
aircraft, safety goggles and viewing windows. Formed from tempered glass and in 
multiple Uiyers and built up to greater thidmess, the lammate is used in bullet 
resisting structures in banks, jewehy display cases, vehicles, and test-duunber 
windows. The glass or plastic may be tinted to provide color filtering. 

Safety glass is discussed ahso in "Questions & Answers, Answers To The 
Most Asked Questions About Residential Glass: Its AppKcations. Features and 
Benefits, Safeflex Home Page 10/25)^, pages 1- 
7,.ht^y/www.monsanto.con)//safle>c/feq/. 

A laminated pane is disclosed in U.S. Patent No. 5,352,528, assigned to 
Saint-Gobain Vitrage International. 

SUMMARY OF THE TKfyT ^ t^ ^]^ 

Although gUss lammates have been available tiiat damp at higher 
frequencies such as 800 to 1 000 Hz a need exists for a lammate timt damps at lower 
i frequencies of less tiian 200 Hz in addition to frequencies in tiie range of 800 to 

1000 Hz (typicaUy 20 to 1000 Hz at -10 to SCC). The presem imrention provides 
such a hindnate. The article of the present invention provides damping over a wide 
frequency range wWch includes the range of 20 to 200 Hz. 

The presoit invention provides a novel article comprising a laminate, 
'n^ierein the laminate comprises: 
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(a) a first rigid layer formed fix>in a material selected fi'om the group 
consistiiig of glass and plastic; 

(b) a second rigid kyer formed from a material selected from the group 
consisting of glass and plastic; 

5 (c) a vibration damping material layer(s) positioned between the first rigid 

lay^ and the second rigid layer; 

(d) a first layer of a flexible plastic portioned between the first rigid layer 
and the vibration damping material layer($X wherdn the first layer of flexible plastic 
is of such a nature that a test construction of the layer of flexible plastic laminated 

10 between two sheets of annealed ^ass, each sheet of annealed glass having a 

thickness of 2.S mm, would pass the Consumer Product Safety Commission test 
16CFR, Part 1201, Category I; and 

(e) optionally a second layer of a flexible plastic positioned between the 
second rigid layer and the vibration damping material layer(s) wherein the second 

IS layer of flexible plastic is of such a nature that a test construction of the second 

layer of flexible plastic laminated between two sheets of annealed glass, eadi sheet 
of annealed glass having a thickness of 2.5 mm, would pass the Consumer Product 
Safety Commission test 16CFR, Part 1201, Category 1. 

The glass ^nbodiment of the artide of the present invention has the 

20 advantage that it has superior damping (especially for the temperatures and 
frequoides e9q>erienced by windshields and side glass in automobiles) and 
potentially may be able to meet safety glass reqiiirements depending on the 
mat^ials used, thdr dimensions, the number of layers, etc. 

The vibration damping material layer(s) should be thick enough to provide 

25 adequate damping properties. If the vibration damping material layer(s) is too 

thick, clarity problems could arise. A thinner vibration damping material layer(s) 
may provide for easier manu&cturing as a glass construction having a thinner 
vibration damping material layer(s) would be more similar in dimension to 
conventional safety glass which it may potentially, depending on its properties, be 

30 used to replace. 



When the laminate article of the present mvention goes into resonana^ the 
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r tban noise. The present invention is particularly advantageous in that good 

wsufts can be obtained even using a rdativdy thin %er(s) of vibration dampi^ 
materiaL Thus, the article of the present mvention which may potentiaBy, 
depending on its construction, have safety properties, provides improved properties 
with respect to vibration dampmg compared to conventional safety glass with only a 
n^gible increase in thickness. 

Preferably, the first I^er of a flexible phistic positioned between the first 
rigid layer and the vibration damping material layer(s) of the article of the invention 
is of such a nature that a test construction of the first layer of flexible plastic 
laminated between two sheets of annealed glass, each sheet of annealed glass having 
a thickness of 2.5 mm. would pass the Consumer Product Safety Commission test 
16CER, Part 1201, Category II; and preferably the optional second layer of flexible 
plastic positioned between the second rigid toyer and the vibration damping material 
layer(s) is of such a nature that a test construction of the second layer of flexible 
plastic lammated between two sheets of annealed glass, each sheet of annealed glass 
havmg a thickness of 2.5 mm, would pass the Consumer Product Safety 
Commisaon test 16CFR, Part 1201. Categoiy n. 

In one embodhnent, the article of the invention may be of such a nature that 
the laminate is tranqiarent 

In another embodiment the article of the invention may be coloriess. 

In another embodiment the second layer of fledble plasdc is present 

In another embodiment of the article of the present invention the first rigid 
layer is gjass and the second rigid layer is glass. 

A preferred vibration damping material layer(s) is selected fi-om the group 
conMsting of urethane rubbers, sificone rubbers, nitrile rubbers, butyl rubbers. 

aciyKc rubbers, natural rubbers, styrene-butadiene rtibbera, polyesters, 
polyurethanes, polyamides, ethylene-vinyl acetate copolymers, and epoxy-acrylate 
mterpenetratmg networks. Each vibration damping material layer may optionally 
comprise a combuation of vibration damping materials. When mor« than one 1^ 
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of vibration damping material is present eadb lay^ may optional^ comprise a 
different vibration daminng material. 

. The article of the present invention has a variety of uses. The article of the 
invention may, for example^ be selected from the group consisting of land vehicle 
5 glazing, ardiitectural glazing, aircraft glazing, and wat^crafi glazing. The article of 
the invention thus may be used, as a window for a vehicle or a structure. For 
exanQ>le, the article of the invention may be a windshield. The present invention 
also provides a vehicle having at least one article of the present invention (a 
ixdndsUdd, for esounple) fitted tfaerdn. The present invention also provides a 
10 structure (such as a building) having at least one article of the present invention 
fitted tho^ 

In another embodiment of the article of the present invention at least one of 
the vibration damping material layer(s) is plastidzer resistant The article of the 
invention may optionally further comprise a flexible plastic layer which is resistant 
15 to plastidzer between the vibration damping material layer($) and the first flexible 

plastic layer (such as polyvinyl butyral layer) and optionally a second flexible plastic 

* • «, • 

layer which is reastant to plastidzer between the vibration damping material 
Iayer(s) and the second flexible plastic layer (such as a polyvinyl butyral layer), if the 
second flexible plastic layer is present. 

20 In anotiier embodiment of the article of the invention the article fiuther 

comprises a first plastidzer resistant plastic layer between the vibration damping 
material lay^s) and the first flexible plastic layer and optionally a second plastidzer 
re^stant plastic layer between the vibration damping material layer(s) and the 
second flexible plastic layer, if the second flexible plastic layer is present. 

25 In another embodiment the article of the mvention is of such a nature that it 

would pass the Consumer Product Safety Commission test 16CFEI, Part 1201, 
Category I (desmbed later herein). In another embodiment the article of the 
inv^ition is of such a nature that it would pass the Consumer Product Safety 
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Commission test 16CB&, Pan 1201, Categpiy XL 

BRIEF DRSrHTPTyn^ pp THB, piff ^\yTK^ne 

Eg. 1 illustnites a side view of an embodiment of the article of tlie invention. 
Kg. 2 illustrates a side view of another embodiment of the article of the 
inventioa 

Rg. 3 illustrates a ade view of a known article. 
Rg. 4 is a graph illustrating the Forced Vibration Testing results for 
Example 2 and Comparative Example 1. 

Fig. 5 is a graph ilhistrating Acoustic Testmg results for Example 2 and 
Con^aradve Example 1. 

DETAn.RT> pff.grP^ TIQN OF THP , INVRNTTOI^ 
Rigid Layers 

Examples of suitable rigid layers are those selected from the group 
consisting of glass and plastic. The rigid layers are typicaUy of the same material 
(both glass or both phytic, for example). Optionally the rigid layers may be of 
diflferent materials. Examples of suitable rigid plastics mclude but are not limited to 
those selected from the group consisting of polycarbonate, polystyrene, 
polyacrylate.polymetiiyhnetiiacrylate,andpolyvinyldiloride. Examples of suitable 
glass include but are not limited to plate glass, float glass, wmdow glass, tempered 
glass, annealed glass, and Pyrex^glass (a borosiKcate glass). Preferably tiie rigid 
layer is glass for reasons of optical clarity, resistance to aging (yeUowing and 
degradation), and resistance to organic solvents. The glass used is typicaUy 
annealed £^ass. 

A suitable rigid ]ayer typically has a tensUe modulus of at least about IxlO" 
dyae/cm^ preferably at least about IxlO" dyne/cm^ and most preferably at least 
about 5x10" dyne/cm^ Usefiil rigid inaterials are typically transparent and 
colorless, altiiough in some applications tiiey may optionally be timed. Also for 
some applications tiie rigid layers may optionally be translucent or opaque. 



W098/2««7 « PCT/U897/227S5- 

Vibration Damping ^ ^a^ypgf 

The vibration damping material (VDM) can include any material that is 
viscodastic. A viscoelastic material is one that is viscous, and th^^ore enable of 
5 dissipating energy, yet exhibits certain elastic properties, and therefore capable of 
storing raetgy at the deared temperature and frequency range. Thatis^a 
viscoelastic mat^ai is an elastom^c material typically containing long-chain 
molecules that can convert medianical energy into heat when they are deformed. 
Such a material typically can be deformed, e.g.y stretched, by an applied load and 
10 gradually regain its original shape, e.g., contract, sometime after the load has been 
rraioved. 

Smtable viscoelastic materials for use in the vibration damping materials 
according to the present invra^tion have a storage modulus, i.e., measure of the 
energy stored during deformation, of at least about 1 psi (6.9 x 10^ Pascals) at the 

15 operating tenq>erature and frequeni^ (typically about -40 to ISO^C and about 1 to 
10,000 iiz). The storage modulus of usefiil viscodastic materials can be as high as 
500,000 psi (3.45 x lO' Pascals); however, typically it is about 10 to about 2000 psi 
(about 6.9 X 10^ to about 1.4 x 10^ Pascals)* Particulariy preferred viscoelastic 
materials provide the damped laminate article with a strain energy ratio, i.e., 

20 fraction of stram energy stored in the damping material relative to the total strain 
energy stored in the structure, of at least about 2%. 

Suitable viscoelastic materials, at the operatmg temperature and frequency, 
for use in the vibration damping materials have a loss &ctor, Le., the ratio of energy 
loss to energy stored, of at least about 0.01 . Preferably the loss &ctor is at least 

25 about 0.1, more preferably about 0.5 to about 10, and most preferably about 1 to 
about 10, at the operating frequency and tempotiture e?q)erienced by the material* 
This loss &ctor represmts a measure of the energy dissipation of the material and 
depends on the frequency and temperature experienced by the damping material. 
For example, for a certain crosslinked acrylic polym^ (acrylic vibration damping 

30 material 3M Brand ISD 1 12 Viscoelastic Damping Polymer, commercially available 
from Mmnesota ^fining and Manufacturing Company, St. Paul, Miimesota), at a 
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frequency of 1 00 the loss fector at 68°F (20»C) is about 1 .0. while at 1 58«F 
(70**C) the loss fector is about 0.7. 

Prefenned viscoelastic materials are those that remain fiuctional over a wide 
range of temperatuies. e.g.. -40°F HO»C) to 300^ (149X). Most preferred 
viscddastic materials are those that cover the broadest temperature and fiequenqr 
range at the desired minimum loss fector and storage modulus to achieve acceptable 
dampmg of the damped huunate artide and which do not experience a significant 
degradation in properties due to long exposures to high temperatures or short 
exposures beyond these high temperature levels. 

UsefiU viscoelastic dampiqg materials can be isotropic as weU as anisotropic 
materials, particularly with respea to its elastic properties. As used herein, an 
"anisotropic material" or "nonisotropic material" is one in which the properties are 
dependent upon the duectiOn of measurement. Suitable viscoelastic materials 
mdude. but are not Ihnited to. those selected from die group consisting of uretiiane 
rubbers, silicone lubbers. nitrile rubbers, butyl rubbers, acrylic rubbers, natural 
rubbers, mbctures tiiereo^ and the like. Other usefid vibration damping viscoelastic 
materials mclude polyesters, polyuretiianes. polyamides, efliylene-vmyl acetate 
copolymers, epoxy-aoylate mterpenetrating networks, and tiie like. Spedfic 
examples of useful materials are disclosed or referenced in Nakamura et. al., U.S. 
Patent. No. 5,183.863 Qssued February 2, 1993). Wilfong et. al. U.S. Patent No. 
5.262.232 CuHued November 16. 1993X and Ko et al., U.S. Patent No. 5.308,887 
Ossued May 3, 1994). 

Examples of thermoplastic materials suitable for use as tiie vibration 
dampijig material m damped laminate articles according to the present mvention 
mdude. but are not lunited to, tijose selected from tiie group consisting of 
polyaoylates, polycari)onates. polyetiierimides. polyesters, polysulfones, 
polystyrenes. aciylonitriIe.butadiene.styrene block copolymers, polypropylenes. 
acetal polymers, polyvinyl acetyl polymers, polyamides, polyvinyl chlorides, 
polyetigdonest polyuretiianes, and combuiations ihereot 

Useful viscoelastic materials can also be crossluikable to enhance tiieir 
streiigtii and processabiUty. Such viscodastics are classified as thermosetting resins. 
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When the viscoelasdc material is a thermosetting rean, then prior to the 
manu&cture of the dan:4>ed lanunate ardde^ the tiiermosetting re^ is in a 
thmiioplastic state. During the manufacturing process^ the thmnosetting resin can 
be fiirther cured and/or crosslinked typically to a solid state, although it could be a 
5 gd upon curing. Preferably the cured material possesses the viscodastic prop^es 
described above. Depending upon the particular thennosetting resin employed, the 
thermosetting redn can include a curing agent, e.g., catalyst, which when e^qposed 
to an appropriate energy source (such as thermal energy) initiates the 
polymerization of the thermosetting resin. Particularly preferred viscoelastic 

10 damping materials are those based on aciylates. 

In general, any suitable viscoelastic material can be used. The selection of a 
statable damping material is also based on the processability of the damping material 
into a damped laminate ardde and the desired structural integrity of the finished 
artide constiucdon with the damping material selected. It is to be understood that 

IS bloids of any of the foregoing materials can also be used. 

Preferred vibration damping material layer(s) are sdected fi'om the group 
condsting of polyacrylates for reasons of optical clarity, resistance to aging, and 
excellent damping characteristics, e.g. a crosslinked acrylate having a glass 
tran^on temperature (Tg) of between O^C and 50°C measured at a frequency of 

20 10 Hz and a loss factor of at least about O.S when measured at a fi^quency of 
greater than or equal to 10 Hertz fi-om lO^'C to 40X. 
Flexible Plastic Laver 

The flexible plastic sheet(s) or layer(s) included in the article of the invention 
is typically a thennoplastic material such as polyvinyl butyral (PVB). PVB is 

25 typically used as such a layer because it has high tension modulus, it exhibits 

considerable dongation at rupture and because it is an efficient energy absorber. 
Therefore, it is effective at withstanding certain impacts. At the same time PVB has 
a rdatfvely high adhesion to glass. Therefore, if the glass shatters or splinters as a 
result of impact or breakage of the pane, the brokm glass has a tendency to be 

30 retuned by the PVB. Another potentiaUy iiseful fle)dble film is the laminate of 
adhesive films and polyvinyl chloride disclosed in U.S. Patent No. 5,352,528. At 
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least one I^er of a flexible plastic material such as polyvinyl butyral (PVB). which 
is a reinforcing plastic material, is present in the ardde of the invention. In some 

cases two or more layers of flexible plastic material, such as PVB may be present 
Polyvinyl bulyral is advantageous due to its weather resistance and tendency not to 
discolor. Polyvinyl butyral is also advantageous due to its coloriess nature; 
transparency, high degree of flexibility, and strength. Other fifans with equivalent 
characteristics would most likely be usefid as a substitute for these fibns and are 
intended to be covered 



10 Artide Constni«;!tif>n 

The thickness of the individual layers present m the lammate can vaiy, m 
addition to the ratios of the thickness of various layere to other Iqrers. 

Each rigid layer typically has a diickness of about 1 to about 7 mm. 
preferably about 2 to about 5 mm, and most preferably about 2 to about 4 mm. A 
thick rigid %er is desirable because of its superior properties as an acoustic banier 
and of strength. However, the added mass may be undesirable in a particular 
appKcatioa A thm rigid isyer is not as good of an acoustic bairiw and also may 
sacrifice strength for a particular application. 

The vibration dampmg material Iayer(s) typicaUy have a total thickness of 
about O.OI mm to about 0.8 mm. preferably about 0.025 mm to about 0.25 mm, and 
most preferably about 0.025 mm to about 0. 13 mm, for reasoiis of optimized 
dampmg performance and mami&ctuiabilily. 

If the vibration dampmg material Iayer(s) total tiuckness is greater about 0.8 
mm, tiie additional mass may be undesuable from an overaU wdght consideration. 
Also an increase m thickness can potentially reduce optical darity. Moreover, a 
vibration damping material layer(s) having a greater total tiuckness nuq^ not be as 
effident a damper because of reduced strain. If tiie vibration damping material 
Iayer(s) total tiiickness is less tiian about 0.01 mm less acoustic loss may result 
Also adhesi(»i to rough glass or phistic surfeces is more difficuk witii a very tiim 
layo^s) of vibration damping material 
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Each flexible plastic layer such as a PVB layer typically has a thickness of 
about 0.1 mm to about 1.5 mm, preferably about 0.2 to about 1.0 mm, and most 
prefisrably about 0.3 to about 0.8 mm. If such flexible plastic layer sudi as a PVB 
layer is thicker than about 1.5 mm it becomes more likely that imperfections or 
5 general reduction in clarity (haziness) would be present and the overall laminate 
mi^ become too thick to be employed in conventional manu&cturing processes. 
Moreovtf a thicker flexible plastic layer may be undesirable from an overall weight 
consideration. If a flexible plastic layer such as a PVB layer is too thin the layer 
may not have enough stmctural or cohesive strengtii to provide adequate safety 

10 prop^es. However, it is important to note that the exact thickness of a flexible 

plastic layer such as a PVB layer required should be determined by one skilled in the 
art of safety ^ass manu&cture. It is not possible herein to list the exact dimensions 
and composition of the article and individual layers for a particular safety glass 
application. Care should be taken to make sure the laminate is both made by and 

15 tested by one skilled in the art of safety glass manufacture before using in 
^>plications where safety glass type performance is de^red. 

The ratio of the total thickness of the vibration damping material layer(5) to 
the thickness of a rigid layer typically ranges from about 1:200 (a very thin vibration 
damping material layer(s)) to about 1 :2 (a very thick vibration damping material 

20 layer(s)X preferably about 1:100 to about 1:10, and most preferably about 1:100 to 
about 1 :40 for reasons of damping performance, optical darity, a good level of 
stiffiiess, weight con^derations, and ease of manufacturing. Preferably the vibration 
danqnng matmal layer(s) has adhesive properties. Howev^, a separate adhesive 
may be used to aid in adhering the vibration damping material layer(s) to a ri^d 

25 lay^. 

The ratio of the total thickness of the vibration damping material layer(s) to 
a flexible plastic layer such as a PVB layer typically ranges from about 1 : 100 to 
about 10:1, preferably about 1:50 to about 1:1, and most preferably about 1:20 to 
about 1 :2* The thickness of the flexible plastic layer such as a PVB layer(s) is 
30 determined in part by the safety properties desired. It is desirable that the total 
thickness of the vibration damping material layer(s) be great enough to provide 
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adequate dancing but thin enough for processbg and the intended use of the 
laminate artide. 

The latio of the thidmess of a rigid Uqrer to a flexible pkistic layer such 
PYBIayertypicallyranges from about 200.1 to about 1:1, preferably about 100:1 
to about 2:1. most preferably about 10:1 to about 3:1 for optimum optical darity, 
stiffiiess and weight 

Darning Pj;Pjn 

The laminate artide of the present invention wiQ have a higher composite 
loss fector at the use ten,>erature and fi^uency (for example, -lo to 50«C and 20 
to 2000 Hz) than would a monolithic sheet of the rigid layer having the same 
tliidaiess. assuming one type ofrigid layer is used. If more than one type of rigid 
Uorer is used, this should be true for any ofthe rigid layers. A spedfic temperature 
and frequenqr at wMdi this could be measured is 20»C and 1 00 Hz, for example. 
This results in lower levds of stnictutal vibration in the laminate. This results in 
greatly decreased levds of structure bonie noise and also decreased levds of air 

borne noise especiany in the frequency range where comddenceoccuni. Tbc 
"composite loss fector" can be measured by using an exdtation source in 

conjunction with an accderometer. The signal from each is input to a Fast Fourier 
Tninsform(HrOanab«Twhidi outputs a transfer fimctio^ The composite loss 
fector is calcuteted using the Half Power Bandwidth Method. 

A frequency response spectrum of the transfer fonction is obtabed from the 

FFT analyzer. A peak in the curve occurs at each modal resonance. Thelossfector 

is determined by proceeding down the curve on both sides of the pealc unta the 
transfer function is hdfthe value it was at the peak. The fiequency di&rence 
between the two points of half power divided by the frequency at which the peak 
occurred is the loss fector, i.e., the width (Hz) of the resonant peak at 3 db bdow 
the peak anqjfitude divided by the resommt frequency (Hz) at peak ampUtude. 
Charactmstics yi^ 

The aitides of the invention and the individual layers from which they are 
formed are typically coloriess and transparent However the artide and/or one or 
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more individual laym may optionally be tinted or have privacy coatings. Damping 
properties of the aitide of the invention result in a reduction of the resonance 
frequency peaks. The article of the invention and/or one or more of the individual 
layers xnay optionally be translucent and/or opaque. 

5 

Optional Lavers/Components 

Optionally a plastidzer resistant plastic layer(sX may be provided within the 
ianunate. An example of such a plasddzer resistant plasdc layer is polyester (PET). 
The plastidzer resistant plastic layer would typically have a tensile modulus of 1 x 

10 10^ to 1x1 0" dynes/cm^ in addition to being resistant to plastidzer which may be 
present in the flexible plastic layer such as PVB. Such a plastidzer resistant plastic 
layer would typically be thin and flexible. Typically it would have a thickness of 
about 0.01 mm to about 0.8 mm» preferably about 0.025 mm to about 0.25 mm, 
more pr^erably about 0.025 mm to about 0.13 mm, and most pref^bly about 

15 0.025 mm. Generally it would be coloriess, although optionally it may be tinted or 
have a privacy coating thereon. Generally it would be transparent, although it m^ ^ 
optionally be translucent or opaque. Examples of other suitable plasticizer resistant 
plastic layers indude but are not lixnited to the following: polypropylene, polyimide» 
urethane or vinyl chloride-vinyl acetate copolymers such as described in Paquette 

20 et al, U.S. Patent No. 4,605,592; and the like. Such a plasticizer resistant plastic 

layer would typically be positioned between a layer of the flexible plastic layer such 
as PVB and vibration damping material layer(s). Such a plasticizer resistant plastic 
layer serves to prevent plastidzer, v/bach may be present in the flexible plastic layer 
sudi as PVB, fi*om nugrating into the vibration damping mat^al layer(s). 

25 Optionally a vibration damping material layer(s) may be used whidi is 

resistant to plastidzer which may be contained in a flexible plastic layer such as a 
PVB layer. Sudi materials are commercially available from a number of sources. 
Examples of such a vibration damping material include but are not limited to the 
following: a terpolymer of n-butylaciylate, methylaciylate, and acrylic acid such as 

30 described in Paquette et al, U.S. Patent No. 4,605,592; an acrylic copolymer 

blended with nitrile butadiene rubber such as described in Karim, U.S. Patent No. 
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4,943,461; an aayfic copolymer blended with ethylene vu^dacetate such as 
described in Bogart et. al. U.S. Patent No. 5.079,047; an aci>dic copolymer blended 
ivith dioctyl pfathalate plastidzer such as described in Landin, U.S. Patent No. 4, 
946.742 and U.S. Patent No. 4.985.488. 

5 The laminate n»y optionally further comprises an adhesive layer(s). An 

adhesive layer miqr potential be used between aiqr two kyers of 
bond the two l^ers together. The adhesive would typicaUy have the following 
properties: transparenqr. resistance to aging (yellowing), and solvent resistance. 
Examples of such adhesives indude epoxies. aayhites, Qranoaaylates. silicones. 
10 and the like. It is beUeved that layers diat would enable the laminate to also 

fimction as an antenna (conductive traces) or a defroster could also be present 

Slir&ce modification of certain Iayer(s) such as the optional plasticizer resistant 
plastic hiyer(s), for example, may be possible such as by priming, corona treatments, 
or flame treatments, to enhance bonding to the modified Iayer(s). 

Constructions 

Examples of suitable laminate constructions indude but are not limited to the 
following: 

glassMbration damping material layer/PVB/glass; 
gJass/PVB/PET/vibration damping material layer/PET/PVB/glass; 
glassMlMvtion damjnng material layor/PET/PVB/glass; and 
glass/PVB/vibration damping material layer/PVB/glass. 
Rigid plastic can be used m place of one or more glass layers m the above 
constmctions. In addition, other flexible plastic layers such as those discussed 
previously can be used in place of PVB. In addition, other plastidzer resistant 
plastic I^ers such as those discussed previously can be used in place of PET. 

The vibration dampmg materia^ as an interior layers) in the laminate artide 
serves to dissipate the vibration eneigy into heat energy, due to the shear tiiat is 
initiated in the vibration damiung material 

The present mvention wiU be better understood by referring to the following 
Figs. 1-5. 
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Fig. 1 iUustrates a side view of an embodiment of the anicle ^ 
invention. Fig. 1 is a construction of the following: glass/P VB/vibration damping 
material layer/PVB/glass. An interior layer of vibration damping material 8 is 
laminated between two layers of PVB each identified as 6. On the side of each 
S PVB li^er 6 opposite the vibration damping material layer 8 is a layer of glass 4 to 
wUdi each PVB layer 6 is bonded. 

Fig. 2 illustrates a side view of another embodiment of the article 10 of the 
invention, 2 is a construction of the foOowing: glass/PVB/vibration damping 
material lay^/glass. An interior lay^ of vibration damping material layer 16 is 

10 laminated to a lay^ of PVB identified as 14. On the side of the PVB layer 14 

opposite the vibration daniping material layer 16 is a layer of glass 12 to which the 
PVB layer 14 is bonded. On the side of the vibration damping material layer 16 
opposite the PVB layer 14 is another sheet of glass 12 to which the vibration 
damping matoial layer 16 is bonded. 

IS Fig. 3 illustrates a side view of a prior art article 18 having a layer of PVB 

22 laminated between two layers of g}ass 20. 

Uses Of The Article Of The Invention 

The article of the invention can be fitted into a number of other articles, such 

20 as vehicles^ structures, etc. The article of the invention can be used as follows: 
land veMcle glazing such as automobile ^de glass, automobile rear glass, and 
automobile windshields, etc.; aircraft glazing such as aircraft windshields, aircraft 
^de glass and aircraft rear glass; watercraft glazing such as watoncraft windshields, 
watercraft side gjass, and watercraft rear glass; arclutectural glazing sudh as 

25 building windows such as office building wmdows, residence windows, airport 

windows^ etc.; goggles; viewing windows; aquariums; etc. The present inv^xtion 
also pro^ddes buildings; crafts (vehicles) such as land vehicles, watercraft, and 
^urcraft; goggles; viewing windows; etc.; containing the laminate article(s) of the 
invention. 

30 
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Method ftf Vf.Hnf> A^Yt^ tiTft T^.^^^ 

The laminate artide of the invention can be made by a number of diferent 
mefliods. As one exanq)le, a vibration damping material kyeKs)vwhen in fflmfiwm 
can be laminated between two flexible plastic sheets such as PVB sheets or directly 
laniinated onto a flexible plastic sheet such as a PVB sheet. However, vibration 
damping material Iayer(s) could also be coated out of a solution directly onto a 

flexible plastic sheet such as a PVB sheet to fonn an intermediate laminate. When 
the coated flexible plastic sheet (such as a PVB sheet) is heated, the solvent 
evaporates yiddmg a solid vibration dampmg material layer, to whid» one can 
laminate a second flexible ptostic sheet (sudi as a PVB sheet) if desired. 
Ahematively vibration dan^ material(s) can be directly coated through a die 
onto a flexible plastic sheet (sud» as a PVB sheet). A plastidzer resistant sheet 
(sudi as a PET sheet) may optionally be laminated between the vibration damping 
material Uiyer(s) and the flexible plastic sheet sudi as PVB by a mmiber of methods 
mduding but not limited to the use of heat and/or pressure, and/or an adhesive. 

The rigid glass or plastic layers can then be attached to either side of the 
intermediate laminate by a number of methods including but not limited to the use 
of heat and/or pressure, and/or an adhesive. Altemath^dy. sequemial extrusion of 
thematerial making up the flexible plastic sheet such as PVB and vibr^on damph« 
material onto one rigid glass or rigid plastic layer may occur followed by appHcation 

ofanother rigid glass or rigid plastic layer on top of the sheet. Other methods of 
prq>aration would also be posable. 

CONSTflVfKR PRODUCT SAFETY mt^ fi ^jc wt rrpso tpct i ^nm> 
1201 

The test material (such as a test construction) to be tested is placed m a test 
frame with the test material oriented vertically. A bag filled with 100 pounds (45.36 
kg) of lead shot is suspended fi-om a rope and swung to impact the test material 
Category I materials are tested by dropping the bag fi-om a vertical height of 1 8 
indies (45.72 cm) above flie pomt of impact wifli a resulting impact of 150 ft-lb 
(20.74 kg-m). Categoiy I materials may be us^ m areas of 9 square feet (0.84 m=^ 
andless. Category H materials may be used m areas greater than 9 square feet 
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(0.84 m^) and are tested by releasing the bag from a vertical height of 4 feet (1 .22 
m) above the point of impact with a resulting 400 ft-lb. (55.30 kg-m) impact. 

One of three conditions must be met for the test material to pass this test. 
The test material does not break; or the test material breaks upon impact, creating 
5 an openmg through which a 3-inch (7.62 cm) sphere cannot pass; or the test 

material shatters, but the resulting ten largest pieces do not wdgh more than 10 
square indies (64.52 cm^) of the original test material 

10 The foUo^g ^camples fiirther iDustrate but do not limit the present 

invention. All parts, percentages, ration etc., in the Examples and elsewhere herdn 
are by weight unless indicated otherwise. 

Comparative Example 1 
15 A 610 mm x 610 mm x 0.762 mm film of polyvinyl butyral, commercially 

available from Monsanto, was lanunated at 1 lO^C at 6.0 x 10^ dynes/cm ^ for 10 
minutes between two 610 mm x 610 mm x 2.3 1 nrni sheets of float glass available 
from Glass Service Co., St Paul, Minnesota, USA. 

T . 

20 Example 2 

A construction of a 610 mm x 610 nun x 0.05 1 mm film of acrylic vibration • 
damping material (3M Brand ISD 1 12 Viscoelastic Damping Polymer, commercially 
available from Nfinnesota Mining and Manufacturing Company, St. Paul, 
Minnesota, U.S.A.) between two 610 mm x 610 mm x 0.381 mm films of pol3r>diiyl 

25 butyral was prepared using hand pressure. This construction was then laminated 
under the same conditions as Comparative Example 1 between two 610 mm x 610 
mm X 2.3 1 mm sheets of float glass available from Glass Service Co., St. Paul, 
Minnesota, USA. 
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Comparative Examplp 3 

Two sheets of 610 nun x 610 mm x 2.3 1 mm sheets of float glass available 
Gaass Service Co., St Paul, Minnesota, USA were placed together. 



t Vibrarion Tej ^f mp 

The artides fonned according to Comparative Example 1, Example 2, and 
Comparative Example 3 were tested by usipg a PSV-200 Scanning Laser Doppler 
^^^omete^ (from Polytec PI), Each artide was supported horizontally by placing a 
25 mm X 25 mm X 12 mm vinyl fisam under each of the four comers. The force 

10 input was provided by an impact hammer. The response was measured by the Laser 
Doppler Vibrometer (LDV) at a point immediately adjacent to the exdtation point. 
The LDV conv^ed its instantaneous vdodty along the beam line of aght into a 
coniespondnig vdodty signal. Both input and output signals were transferred to a 
Tektromx 2630 FFT analyzer available from Tektronix Company, which 

1 5 instantaneously displayed the transfer function. The loss fector of each of the 
artides for modes 6, 1 1, and 26 was determmed by uang the Half Power 
Bandwidth Mrthod. Modes 6, 1 1, and 26 were selected because tiiey were wdl 
separated from other modes. Resuhs are rqwrted in Table I bdow. 

20 



Mode 


Loss Factor 
Comparative Ex. 1 


Loss Factor 
Ex. 2 


Loss Factor 
Comparative Ex. 3 


""6 


0.0207 


0.1818 


0.0029 


11 


0.0644 


0.1500 


0.0024 


26 


0.0181 


0.0765 


0.0020 



Forced Vibration Testing 

Comparative Example 1 and Example 2 were tested on an RS A n rheom^er 
from Rheometrics uang a 3 point bend geometry. Sample was 51 mm x 12.5 
15 mm. A frequenq? scan from 0. 1 to 100 radians/second with 5 measurements taken 
In each decade of frequoicy was done at each of fow temperatures: 0, 1 0, 20. 3 0°C. 
The loss fector was measured at each frequency. The principle of thne-temperature 
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superposition was then used to crests a master curve of loss &ctor versus frequenqr 
forarefermceteiiq)mtureof 20^C. The results are ^own in Fig. 4. The addition 
of the viscpelastic danqping polymer vibration damping layer in Example 2 increased 
the amount of damping of the laminate in the frequent range of most concern, 20 
5 to 10,000 Hz. 

Acoustic Testing 

The transnusaon loss for Conq>arative Example 1 and Example 2 was 
. measured according to Sodety of Automotive Engineers (SAE) J1400 entitled 
1 0 "Laboratory Measurements of the Airborne Noise Reduction of Acoustical 

Materials", May 1989. TUs test uses a wlute noise source in a reverberant room 
and a microphone to measure the amount of noise which is able to pass through the 
glass laminate and into an anedioic chamber. Results are shown in Fig. 5. 
From Fig. S it can be seen that the addition of the vibration damping 
IS material to the laminate increases the transmission loss both at low frequendes (100 > 
Hz to 400 Hz) and high frequences (1 000 Hz to 10,000 Hz) v^ere coincidence 
resonance commences. 

Various modifications and altmtions of this invention will become apparent 
to those skilled in the art without departing from the scope and spirit of this 
20 invention, and it should be understood that this invention is not to be imduly limited 
to illustrative embodiments set forth herein. 
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It is daimed: 

1. An aitide comprising a laminate, wherein the lan^^ 

(a) a first rig d layer formed from a material selected from the group 
consBsting of glass and plastic; 

(b) a second rigid layer fonned from a material sdected from the group 
consistii^ of glass and plastic; 

(c) a vibration damping material layer(s) positioned between the first rigid 
layo- and the second rigid layer, 

(d) a first layer of a flexible plastic positioned between the first rigid layer 
and the vibration damping material layer(s), wherdn the first layer of flexible plastic 
is of such a nature that a test constmction of the 1^ of flexible plastic laminated 
between two sheets of annealed glass, each sheet of annealed glass having a 
thickness of 2.5 mm, would pass the Consumer Product Safety Commission test 
16CFR, Part 1201, Category I; and 

(e) optionally a second layer of a flexible plastic positioned between the 
second rigid layer and the vibration damping material ljQfei<s) wherein the second 
layer of flexible plastic is of such a nature that a test construction of the second 
layer of flexible plastic laminated between two sheets of annealed glass, each sheet 
of glass haviQg a tfaidcness of 2.5 mm, would pass the Consumer Product Safety 
Comndsdon test 16CFR, Part 1201, Category L 

2. The aitide of daim 1 wherdn die first toyer of a flexible plastic positioned 
between tiie first rigid layer and tiie vibration damping material layer<s) is of such a 
nature tiiat a test construction of tiie first layer of flexible plastic laminated between 
two sheets of annealed glass, each sheet of glass having a tiiickness of 2.5 mm, 
would pass tiie Consumer Product Safety Commisdon test 16CFR, Part 1201, 
Category and 

wherdn tiie optiond second layer of flexible plastic positioned between tiie 
second rigid layer and tiie vibration damping materid l^er(s) is of such a nature 
tiiat a test construction of tiie second lajrer of flexible plastic laminated between two 
dieets of anneded glass, each sheet of glass having a tiudcness of 2.5 mm, would 
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pass the Consumer Product Safety Commission test 16CFR, Part 1201» Category 

n. 

3. The article of cl^ 1 wherein the second layer of fl^ble plastic is present. 

5 

4. The artide of claim 1 wherdn the first rigid layer b glass and the second 
rigid layer is glass. 

5. The article of claim 1 wherdn the vibration damping material layer(s) is 
" 10 selected from the group consisting of urethane rubbers, silicone rubbers, nitrile 

mbbers, butyl rubbers, acrylic rubb^ natural rubbers, styrene-butadiene rubbers, 
polyesters, polyurethanes, polyamides, ethylene-vinyl acetate copolymers, and 
epoxy-acrylate interpenetrating networks. 

15 6. The article of daim I wherein the ardcle is a window for a vehicle or a 
structure. 

■i 

7. The artide of claim 1 wherem at least one of the vibration damping material 
layer(s) is plastidzer resistant. 

20 

8. The article of claim 1 which further comprises a first plastidzer reastant 
plastic layer between the vibration damping material layer(s) and the first fie?dble 
plastic layer and optionally a second plastidzer resistant plastic layer between the 
vibration damping material layer(s) and the second flexible plastic layer, if the 

25 second flexible plastic layer is present 

9. The article of daim 1 wherdn the first layer of flexible plastic is polyvinyl 
butyral. 

30 10. A vehicle or building having at least one article of Claim 1 fitted therein. 
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